 (20.72 Ϯ 8.45
INTRODUCTION identical grades created by fertilization with ICSI. All selected embryos were subjected to zona pellucida thickness
Success during in vitro fertilization (IVF) treatment, 
1-3), a lack of concensus among embryologists
were 28 Ϯ 6.43 and 17.85 Ϯ 8.11, respectively . No significant regarding current embryo-grading systems (2, 4) correlation between ZP thickness and number of blastomeres in the transferred embryos was evident, though embryos emphasizes the need for further identification of reliwith better scores had significantly thinner zonae and higher able parameters for embryo quality assessment.
ZPTV values. Though average zona thickness of embryos
Recently, some interest has been generated in study- irregular ZP (9, 10) . Second, an observation that some adverse influences of prolonged suboptimal embryo culistered by nasal spray three times a day from day 21 in the previous cycle. After confirmation of the downture conditions, manifested in ZP thickening and hardening, leading to failure of approximately three quarters regulation, ovarian stimulation was performed 16 days later with 225 IU of human menopausal gonadotropin of in vitro fertilized embryos to hatch (11) could possibly be offset through microassisted fertilization thera-(hMG) (Pergonal, Serono) administered daily intramuscularly. Follicular development was monitored by pies, like assisted hatching and zona thinning, directed at facilitating ZP function (12, 13).
vaginal ultrasound measurements of the follicles, combined with blood analysis of estradiol. On the schedAlthough, most reports on this subject highlighted the strong influence of ZP thickness of the transferred uled day of ovum pick up (leading follicles Ͼ 18 mm in diameter), 10,000 IU of human chorionic gonadotroembryos on clinical IVF outcome, some observations have clearly suggested that variations in thickness of phin (hCG) (Pregnyl, Organon, Denmark) was administered intramuscularly, followed by ovum pick up 37 ZP of the embryo is a more reliable indicator for predicting the IVF success (5, 14) . In view of the limited hr later by transvaginal ultrasound-guided follicle aspiration performed under intravenous (IV) sedation. information available, we have conducted the present study to evaluate a correlation between degree of variation in ZP widths in a large group of transferred Gamete Preparation, Micromanipulation, and embryos with identical grades and the subsequent cliniEmbryo Culture cal pregnancy rates during intracytoplasmic sperm injection (ICSI) treatment cycles at our IVF program.
A total of 326 oocytes were retrieved from the aspirations performed in the study. The oocytes were incubated prior to insemination at 37ЊC in 5% CO 2 individually in 4-well tissue culture dishes (Nunc, Den-MATERIALS AND METHODS mark) containing the IVF medium (EBSS with 2% HSA; Ciconia Products, Frederiksberg, Denmark) Study Design without mineral oil. The cumulus maturity was observed under an inverted light microscope at magniWe undertook a prospective study during an 18-month period at the Ciconia IVF clinic in Å rhus, Denfications of ϫ 100-200. At 40 hr post-hCG, the cumulus was removed from the oocytes using HEPESmark. The ZP thicknesses of embryos selected for transfer were measured on day 3 of in vitro culture buffered IVF medium containing 50 IU/ml hyaluronidase (Medi-Cult, Denmark). All mature oocytes at period immediately prior to transfer back into patients. Day 1 was defined as 24 hr following transvaginal metaphase II of the second meiotic division were included in the study. On the day of oocyte retrieval, oocyte retrieval and day 3 constituted 48 hr postretrieval. To impart homogeniety of data, all patients a semen sample was collected by masturbation after 2-5 days of abstinence. Sperm concentration, motility, recruited for the study had been diagnosed prior with either of the two most common infertilities encounand morphology assessment were performed according to the criteria of Kruger et al. (16) . Spermatozoa were tered in IVF practice: repeated IVF failure (28 cases) and male factor (113 cases); all inseminations were prepared by discontinuous Percoll gradient procedure as described by Mortimer (17). performed by ICSI.
Insemination of the oocytes were performed by sperm microinjection (ICSI) as discussed in detail by
Patients and Clinical IVF Protocol
Gabrielsen et al. (15) . Following microinjections, the oocytes were washed and transferred into cultured The zonae thicknesses were measured on a total of 326 embryos from 141 female patients (mean age dishes containing well equilibrated IVF medium as described earlier. Fertilization was confirmed by the 35.3 Ϯ 4.2 years, range 26-42 years) undergoing IVF treatment at our IVF program. Informed consent was presence of two pronuclei and extrusion of the second polar body, about 16-18 hours after microinjection. obtained from all patients participating in the study. All women of the study group underwent controlled Zygote and cleavage-stage embryos were evaluated as previously described (18). The embryo quality was ovarian and follicular hyperstimulation after pituitary down-regulation as described previously by Gabrielsen evaluated 24 hr after fertilization assessment and embryos were scored according to the criteria of Van et al. (15 (21) . The present study only includes transfers of two to three embryos of identical morphology (grade) and similar cleavage stages. Thus, in each transfer, the morphology and cleavage stage of all implanted embryos were known.
Videocinematography and Zona Thickness Estimations
The ZP thicknesses of all embryos selected for transfers were recorded on day 2, immediately prior to the scheduled transfer. All zona thickness evaluations were performed directly under an inverted microscope (Nikon) equipped with Hoffman modulation contrast optics using an ocular micrometer, caliberated to provide a direct value of the zona thickness, as described by Garside et al. (8) . All zona pellucida thickness variation (ZPTV) measurements were computed from the video- To minimize experimental bias, all zona measurements and video recordings were performed just prior to for microscopic observations (3 200 magnification) and bright field were kept constant during the study.
embryo replacement by the same technician who was unaware of the outcome of the IVF treatment cycles. The ZP of each embryo was subjected to three independent measurements of the ZPTV performed using the FQC system. This versatile embryo measurement Embryo Replacement and Pregnancy Follow-up program creates circular line diagrams based on a set of three points plotted by the observer on the internal
The transvaginal ultrasound-guided replacement procedure was carried out 48 hr after ovum pick up as well as external circumferences of the zona pellucida of an embryo under observation (Fig. 1) . These circluusing an Edward±Wallace embryo replacement catheter (Medical Systems, UK). A total of 141 transfers lar line graphs then can be readjusted by the observer any number of times and molded to coincide perfectly were performed comprising a total of 326 embryos (2 or 3 embryos per transfer). Patients received daily with the external or internal boundaries of the ZP, with due considerations to any irregularities and nonuniforluteal support with Progestan (Organon, Denmark) vaginal pessaries three times a day. Pregnancy was mities of shape or structure of the ZP. Once the inner and outer boundaries of the ZP have been outlined confirmed by a positive serum hCG measurement 14 days after the embryo transfer (biochemical pregaccording to this procedure, the FQC program computes, based on a 360-image points estimation system, nancy). A clinical pregnancy was confirmed by observation of viable gestational sac(s) at the first ultrasound the zona maximum thickness (Z max ), zona minimum thickness (Z min ), and zona mean thickness (Z mean ) of examination, performed 5 weeks posttransfer. the ZP being measured. The percent thickness of the ZP variations (Z var ) within individual embryos was Data Analysis and Statistics calculated as described by Cohen et al. (9) by taking the difference between the average and the greatest Comparisons between ZPTV and pregnancy outcome were analyzed by Student's t-test (22) . The thickness of the ZP, and dividing the result by the average thickness, then multiplying by 100: results were presented as standard error of mean. For evaluation the differences between groups with caterized into narrow ranges of ZPTV values as depicted in Table III . A ZPTV value greater than 25 of the gorical data, multiple linear regression analysis (23) or analysis of variance (ANOVA) were used as approtransferred embryos resulted in a pregnancy rate of 83.64%, whereas only 18.18% of transfers from priate. For nominal data, a P value Ͻ 0.05 was considered as statistically significant. Only significant embryos with ZPTV value of less than 10 resulted in clinical pregnancies. differences were reported in the tables.
The patients that became pregnant during the cycle had particularly high value of ZPTV for their transferred embryos (P Ͻ 0.005) as shown in Table IV .
RESULTS
No significant correlation could be observed when ZP thickness and ZPTV values were analyzed in relation During the present study, a total of 1040 oocytes to the number of blastomeres in the transferred embryos were recovered from 141 women, and following on day 2 of culture (data not shown). Embryo scores insemination 326 preembryos were replaced (2 or 3 determined at time of transfers, however, revealed sigper transfer), resulting in 83 chemical pregnancies nificant association with mean ZP thickness and ZPTV (positive hCG results) and 70 clinical pregnancies with values (Table V) . Transferred embryos with scores less a clinical pregnancy rate of 49.6% per embryo transfer. than 1.5 had relatively thinner zonae and higher ZPTV Three pregnancies miscarried at 12 weeks of gestation values as compared with embryos graded with scores and the remaining 67 (46 singletons, 19 twins, and 2 higher than 1.5 (P Ͻ 0.005). Age also was found to be triplet) resulted in 90 live-born children with a "take an important factor affecting the thickness of zona home baby" or live-born implantation rate of 27.6%.
( Table VI) . Linear regression analysis showed that the Clinical pregnancy rates among patients according to average zona thickness decreased with age, and this the type of infertility examined are listed in Table I. change was particularly obvious after 35 years of age Embryo selection for clinical transfers was based (P Ͻ 0.01). Similarly, ZPTV values of the embryos on a cumulative scoring criteria as described earlier also revealed a a strong association with the age of (19, 20), comprising rate of embryo development, unipatients (Table VI) . Mean ZPTV values of the embryos formity of blastomeres, and degree of anucleate fragfrom younger patients (less than 30 years) were 25.84 mentation, as discussed by Ziebe et al. (21) . Zona Ϯ 8.57 as compared with 20.72 Ϯ 8.45 from older thickness measurements were performed on embryos patients (greater than 35 years) and correlation was that had been graded and selected for transfers on day statistically significant (P Ͻ 0.05). 2 of culture. Hence, sequential ZP measurements prior to the day of transfer were not attempted. Some earlier reports (5, 6) also indicate a lack of significant ZPTV DISCUSSION during the first day of embryo culture postfertilization.
A highly significant correlation was observed Recently, ZP thickness of the transferred embryos between the degree of ZPTV of the transferred has emerged as a potentially reliable parameter for embryos and the pregnancy outcomes as described embryo selection. During the last few years, much in Tables II and III . Here, pregnancy outcome and interest has been generated in this subject, especially implantatin rates are described in relation to ZPTV.
following investigations on the relationship between The strong predictive value of ZPTV appeared even implantation rate and the ZP thickness or variation in more established when the transfer cycles resulting in ZP thickness of the transferred embryo (5, 12, 24) . confirmed clinical pregnancies were further categoThese reports suggested that patients transferred with embryos with thinner zonae had a better chance of successful implantation and pregnancy as compared ferred embryos was a stronger predictor of the IVF ZPTV exhibited high predictive values for pregnancy outcome, and thus is an important indicator for good embryo quality. on ZP surface yielding in embryos with asymmetric ZP to facilitate hatching and subsequent implantation of the transferred embryo (5, 6). When embryo scores 
